Hartridge, in a lecture delivered to this Section last year, reviewed the experimental data on which may reasonably be based the belief that tones are analyses in the internal ear by means of resonance. To these data he himself has made notable contributions. He left us, however, without any positive guidance as to the actual mechanism of resonance within the cochlea.
By GEORGE WILKINSON, F.R.C.S. (Sheffield). DR. H. Hartridge, in a lecture delivered to this Section last year, reviewed the experimental data on which may reasonably be based the belief that tones are analyses in the internal ear by means of resonance. To these data he himself has made notable contributions. He left us, however, without any positive guidance as to the actual mechanism of resonance within the cochlea.
My own view of the resonance controversy is that nearly everybody recognizes that all the positive evidence is in favour of the resonance hypothesis, and that this hypothesis offers a complete solution of all the main facts of hearing, if it could only be accepted as a meebanical possibility. We cannot, I think, rest satisfied with the conclusion that the internal ear behaves as a resonator, but that it is impossible to form any idea as to how it resonates.
My own attempts to contribute to the solution of this problem have been in the direction of making a working apparatus which should embody the physical conditions found in the cochlea, and by submitting it to vibrations of different frequencies, to discover whether we do actually get a series of localized responses at levels varying with the frequencies employed; and I think the models I have produced actually show this graduation of response according to pitch levels, and that they illustrate, though in an unspeakably coarse, clumsy, and remote fashion, the wonderfully delicate resonance mechanism of the cochlea. Dr. Hartridge will not admit that any conclusions can be drawn from the working of these models. He showed on the screen certain published photographs which he admitted were the worst of the series, and which, taken apart from the rest of the series, are certainly far from convincing. I propose to show here slides of the whole series with a view to correcting what I consider to be the erroneous impression given by these photographs of the more defective portions of the scale when divorced from their context. Also, I will ask to be allowed once more to give a demonstration of the actual working of the models, as I feel strongly that the photographic reproductions form an inadequate basis for judging of their performances.
It will be noticed that the more diffuse responses occur at the upper end of the scale. We get good, well localized responses up to about 400 d. v. per second; beyond that point, though the ascending series of responses is continued in the positions we should look for them, the effect is marred by serial responses distal to the anticipated responses.
What is the cause of these diffuse serial responses, and why do they affect chiefly the upper end of the scale ? My own view is that they are the result of over-stimulation. They are less marked, or absent, when the tuning forks are applied with great care, so as to give a just perceptible movement of the indicator powder. To obtain a response that can be photQgraphed necessitates the application of more force than is required to evoke the minimal response. All resonators break down under forcing, and the larger the damping factor the more readily are they thrown into forced non-resonant vibration. The fibres of the basilar membrane in the models (as in the cochlea itself) are well-damped resonators, and consequently the degree of force which can be applied to them without exciting diffuse vibration is limited. The relatively greater susceptibility of the upper end of the scale to these forcing effects is, I believe, a defect inherent in the method employed to record the vibrations, i.e., the indicator powder of blue enamel, the movements of which show where vibration is taking place. This powder gathers in a heap over the site of maximum vibration. It does this because a vortex, or eddy, is set up in the fluid by the vibration of the membrane at that level, which sweeps the powder together in a heap. In order to create a whirlpool sufficiently vigorous to transport the powder grains, a certain amplitude of vibration is necessary. The amplitude being the same, the energy of vibration varies as the square of the frequency. To obtain the same amplitude of vibr-ation at the 800 d. v. level requires the communication from the tuning fork to the resonator of sixteen times as much energy as is necessary at the 200 d. v. level. Consequently, we get forcing effects much more readily at the upper part of the scale. That these serial effects do follow " forcing " may readily be shown by p)roducing a forced vibration, say, at the 400 d. v. level. With a carefully restrained application of the fork we get a well localized response, with just a suspicion of a second vibration on the distal side: with vigorous stimulation we get a whole series of responses.
Another problem is to account for the occurrence of these atopical responses in series. I believe the reason for this to be that, owing to the films of fine gelatinized paper in which the wires are embedded so as to form a continuous membrane, we have a degree of longitudinal continuity which is undesirable. It does not conform to Helmholtz's ideal condition, viz., a membrane with transverse, but without longitudinal, tension. Standing waves set up in such a rnembrane at one level will tend to produce a series of secondary standing waves, equally spaced along the membrane.
I admit freely that the models which I have demonstrated from time to time are full of defects. They are useless for illustrating the finer details of the action of the cochlea. I have devoted much time and trouble to the attempt to minimize these defects, with only qualified success. The technical difficulties are very great, and I am afraid we can only exl)ect rough results. Still, I do not think the defects are so great that they warrant the total rejection of any positive indications which they afford. So far as I can see, there is no other explanation of the graduated responses atccording to pitch levels which they show, other than that they are resonance effects. The results obtained, so far as they go, are perhaps the most direct evidence of the nature of the resonance mechanism in the cochlea which we possess. I think it would be a pity to reject them on the ground that they do not go far enough.
The essential feature of the theory of cochlear function which I have put forward is that the fibres of the basilar membrane are differentiated by length, tension, and mnass, just as are the suite of strings in a stringed musical instrument. The differentiation by length is sometlhing like 1 : 3. That by tension is effected by the spiral ligament as shown by Gray in 1900. The differentiation by mass, which is required to complete the parallel, is due to the " loading " of the basilar membrane by " columns of fluid " intervening between each successive segment of the membrane, and the round and oval windows. These must oscillate synchronously with the segments of the membrane when the latter are vibrating. In my view, it is only by admitting the existence of all these three modes of differentiation that a coherent resonance mechanism can be visualized.
Dr. Hartridge will not admit the validity of the theory of the fluid load. As I understand, he sees no reason why the fibres of the basilar membrane, though iinmersed in the cochlear fluids, should not vibrate with the same natural periods which suclh fibres would have in air, or it vacuo. Such a view appears to me to be fundamentally unsound. If entertained, it renders hopeless any idea of attributing to the fibres of the basilar membrane a range of periodicities consistent with the known limits of audible tones. As Helmholtz says, " That such short strings should le capable of corresponding with such deep tones must be explained by their being loaded with all kinds of solid formnations; the fluid in both qalleries must also be considered as weighting the membrane, because it cannot more without a kintd of wave mnotion in the fluid." W"hen one comes to examine the matter more closely, one sees that the fluid which "weights the membrane" so far outweiglhs both the intrinsic mass of the fibres themselves, and that of the solid structures connected with them, that, for purposes of computation, these may be left out of account. The main factor for all practical purposes is the fluid load.
In order to illustrate the bearing of the fluid load, apart from any other factor, on the periodicity of an immersed membrane, I lhave constructed a very simple piece of al)paratus [apparatus slhown]. It consists of a cylindrical brass box in two lhalves, divided by a stretched rubber membrane which has heen introduced between them and fixed into position by a clamp. Two pairs of tubular arms of different lengths can be screwed on to the box. The ends of the arms are closed by loosely fitting wooden discs, attached to rubber membranes, which can be fixed in position by a watertight junction of rubber strapping. The wlhole is filled with fluid and sealed up. The disc closing one of the arms carries a wire pointer. If the opposite disc is tapped smartly with the finger the fluid contained in the apparatus is set in vibration, an(d the rate of vibration can be recorded by photographing the excursions of the pointer on a falling plhotographic plate (as used in the electro-cardiograph). I have here some slides made from such records [slides shown].
We can vary the fluid load in two ways: (1) By using plain water to fill the apparatus, and varying the length of the fluid columiins by attaching arms of different lengths. One pair of arms gives fluid columns of total length 4 cnm., and the other of total length 16 cm. If the theory of the fluid load is sound, the periodicity of the inembrane when loaded with the 16 cm. columns should be twice as great as when loaded with the 4 cmi. columns. As you will see, the records agree fairly closely with the ratio 2 : 1 required by theory.
Another way of varying the load is to use fluids of different densities to fill thle apparatus. For this purpose I lhave emiiployed water (specific density 1) and a concentratecl solution of magnesium sulphate (specific density i 21). The vibrational frequencies in the two cases should be inverselyv proportional to the square root of the densities; that is, in the ratio 11: 10. Here, too, we find the graphic records which I slhow on the screen in good agreement with the theoretical values. We may note also that the natural frequency of the membrane when vibrating in air is reduced, by loading witlh 4 cm. fluid columns from 250 d.v. to 37 5 d.v. in one experiment, and from 330 d.v. to 50 d.v. in another experimnent (tlhe tension on the membrane being considerably less in the first experiment than in the second). In view of these results I do not think it can be maintained that the periodicity of vibration of a stretched membrane immersed in fluid is the same as that of the same membrane vibrating in air.
The influence of the fluid load can also be demonstrated by means of the resonator model. If this is set up with a series of " basilar fibres " all of the same length, and under the same tension throughout, whatever difference is found in the pitch levels of the responses to different tuning forks must be due to the variations in the amount of the fluid load. The load is l)roportional to the sum of the distances of the vibrating sector from the round and oval windows. The distance of the responses to different frequencies of vibration should vary inversely as the square of the frequencies. response is accompanied by a whole series of decreasing secondary responses as in the other cases shown. These are due, I believe, to the degree of forcing necessary to bring it out sufficiently clearly for photographic purposes. Dundas-Grant: Weber-Liel's Intratympanic Tube I submit, therefore, that the experimental evidence in favour of the validity of the theory of the fluid load is fairly strong. If we are prepared only to go to the length of saying that there is evidence that the cochlea acts as a resonator, but none to show in what way it so acts, then we can only speak of the resonance hypothesis. If, on the other hand, we admit the threefold differentiation of the basilar fibres by length, tension and mass, which latter mode of differentiation presumes the validity of the theory of the fluid load, and if, further, the evidence of the models is considered worthy of consideration as illustrating the mechanical action of the cochlea, then I think we may claim to have a fairly comprehensive resonance theory of hearing capable of explaining in some detail the method by which tone impressions are transformed into sensations of tone.
In conclusion, may I ask those who are interested in the subject to allow me to demonstrate to them the actual working of the models, and not to rely entirely on the photographic representations of their reactions, before coming to a conclusion as to the value of the evidence in favour of the resonance theory which they are capable of affording.
The Use of Weber-Liel's Intratympanic Tube in Chronic Eustachian Catarrh. By Sir JAMES DUNDAS-GRANT, K.B.E., M.D.
FROM the shape and direction of the Eustachian tube ( fig. 1 ) the tip of an ordinary catheter tends to impinge on the outer wall and become blocked (fig. 2) . The Weber-Liel " intratympanic " tube ( fig. 5 ) adapts itself within limits to the curvature of the Eustachian tube and can be introduced for some distance beyond the tip of the catheter (fig. 3 ). This is facilitated by inclining the outer extremity of the catheter laterally outwards and upwards (fig. 4 ), and at the same time rotating it slightly on its long axis so that the beak points more upwards. The intratympanic tube acts as a bougie with the additional safeguard that the correctness of its position may be ascertained by auscultation during inflation. I have found unexpectedly good results from its use in cases intractable under simple catheterization.
The modus operandi, step by step, is as follows:-Spray the nasal cavity with the novocain-adrenalin solution.'
(1) Paint the deeper part of the cavity and the side wall of the naso-pharynx with the same solution by means of a small wisp of non-absorbent cotton wool twisted on a Jobson-Horne wool-holder.
(2) Introduce the silver catheter and test the correctness of the position by means of the Politzer bag and auscultation tube.
(3) Spray a little of the novocain solution through the catheter.
(4) Inject two drops of paroleine through the catheter and blow it in by means of the Politzer bag.
(5) Introduce the gum-elastic Weber-Liel tube through the catheter till it impinges on the outer wall of the Eustachian tube.
(6) Move the outer end of the catheter outwards and press the inner tube a little further in. Then, or at the same time, rotate the catheter slightly on its long axis so as to raise its tip and at the same time raise the outer end without letting the inner end slhift. The inner tube can then in most cases be pushed still further up the Eustachian tube. ... 10 gr.
Adrenalin solution (1 per 1,000) ...
minims
Solution of sulphate of potash (2 per cent.) I drachm Solution of carbolic acid (0-5 per cent.) up to a oz.
